Oral ulcers have long been a source of diagnostic difficulty. This has been attributed to the tremendous overlap in their clinical appearances. The problem is compounded by the fact that a number of oral ulcers may be superimposed by infections owing to their easy access to the oral cavity and thin nature of the oral mucous membrane which may get traumatized locally adding additional challenge to their diagnosis. While the diagnosis of some types of oral ulcers is facilitated by their association with constitutional signs and symptoms or lesions on the skin and/or mucous membranes in other areas, ulcers which are localized to the oral cavity may be more difficult to identify. Most of the oral ulcers are, therefore, biopsied because they are less readily recognizable on the basis of their clinical features. The similarity in histologic features by virtue of contamination by the oral liquids and microflora also on occasions makes differentiation difficult by masking the basic pathology. This review aims at a systematic approach toward the diagnosis of oral ulcers based on their clinical and histopathological features while ruling out unrelated causal factors.
Introduction
Ulceration is the most common oral mucosal lesion encountered. [1] Ulcers can be caused either by local or systemic influences as a primary lesion, with early manifestation such as erosion, or secondary when they form subsequent to other clinical forms such as vesicles and blebs. [2] They may be manifested on the skin and/or mucosa as either solitary or multiple lesions. The pattern of lesions, constitutional signs and symptoms, and presence of systemic features narrow the differential diagnosis. [3] In some cases, diagnosis depends on culture or biopsy, aided in some cases by immunohistochemistry.
Ulcer can be defined as a deeper crater that extends through the entire thickness of surface epithelium and involves the underlying connective tissue. [1] It can also be defined as disruption of the mucosal integrity leading to a local defect or excavation due to active inflammation. [3] The exposed connective tissue often is necrotic on the surface, covered by a fibrinous exudate. [1, 2] Ulcers can be divided into two groups on the basis of their onset and duration of course; acute or short-term ulcers are those that persist no longer than 3 weeks [1] and regress spontaneously or as a result of nonsurgical treatment and are mostly painful. The other group of ulcers are the chronic or persistent ulcers that last for a longer duration of weeks to months and are usually painless. Due to their long-standing nature, they develop a border of fibrous tissue and an outer wide "zone of induration." [4] The various parts of an ulcer are the margin (junction between normal epithelium and wall of ulcer), the floor (exposed surface of ulcer), the edge (separates the margin and floor), and the base (ulcer rest seat). Three phases are recognized during clinical course of simple ulcer; the extension phase, transition phase (preparation for healing), and the healing or repair phase.
[5]
Histopathology of an ulcer reveals a break to a complete loss of surface epithelium with inflammatory reaction in the underlying connective tissue comprising mainly of polymorphonuclear leukocytes in acute ulcers, and chronic inflammatory cells such as lymphocytes, plasma cells, and possibly macrophages with some fibroblastic proliferation in chronic ulcers. In the healing phase of the ulcer, granulation tissue with fibroblastic proliferation predominates, with few macrophages, plasma cells, and lymphocytes. [6] Ulcers can be classified in numerous ways. Since etiology and pathogenesis of ulcers serve to provide important information about the clinical and histopathological picture, the ulcers herewith have been classified based on the pathogenesis as shown in Table 1 .
Pathogenesis of Ulcers Ulcers due to malignancy
Oral cancer, like other malignancies, arises from accumulation of a number of discrete genetic mutations in genes that control cell cycle, survival, and motility ultimately leading to a malignant phenotype. The invasion of carcinomas through penetration of basement membrane, connective tissue and vascular system results from alterations in adhesion molecules and is associated with enzymatic degradation of the extracellular matrix. [7] Further, neoplastic proliferation exhausts the blood supply, eventually leading to ulcer formation.
Malignant ulcers are usually painless early in their course due to destruction of peripheral sensory nerve endings. Enlarged metastatic lymph nodes also are characteristically painless and firm.
[1]
Ulcers due to virus
Viruses are a unique group of infectious agents that induce host metabolism to synthesize genetic components for their own sustenance. Following its fusion with the host epithelial cell the viral genome is uncoated and transported to the nucleus where the replicating viral genome is incorporated in the host DNA forming virion components which are then released extracellularly. [8] The virion then infects the adjacent host cells resulting in profound changes in cell structure and function leading to break in the epithelium, and thus forming an ulcer.
Ulcers due to immunological dysfunction including drug allergy
Low molecular weight antigens, through various sources including drug molecules, combine with endogenous proteins and form "haptens," which results in a hyperimmune response, or drug allergy. [9] In contact stomatitis, Langerhans' cells bound to haptens in the mucosal epithelium, migrate to the regional lymph nodes and present the antigen to T-lymphocytes, which become sensitized and undergo clonal expansion. Sensitized individuals develop an inflammatory reaction confined to the site of contact via destruction of epithelial cells resulting in ulceration.
[10] The same mechanism is followed in the development of aphthous ulcers.
Contact stomatitis with orally administered drugs is less common than contact dermatitis from their topical application due to factors such as (i) presence saliva which causes dilution of the potential antigen preventing their penetration into oral mucosa (ii) richer vascularity of the oral mucosa which rapidly removes potential antigens that have penetrated it before an allergic reaction can occur, and (iii) lesser keratin in the oral mucosa which decreases the possibility for hapten formation. [10] Oral allergy syndrome is a special contact allergy conditioned by specific amino acids in food allergens, usually fruits such as peaches or apples and some proteins from pollens in atopic individuals provoking minor local alterations resulting in oral ulceration. [11] By virtue of "immune tolerance" the body is normally does not mount an immunologic attack against self-antigens. The loss of this tolerance, due to infectious agents, organisms or drugs, results in "Autoimmunity" characterized by the presence of serum and tissue autoantibodies. The binding of these autoantibodies to adhesion molecules on epithelial cell junctions blocks the function of such molecules either directly or via activation of proteases. This leads to loss of cell-to-cell adhesion, breakdown of intercellular attachments and that with the basement membrane, initiating the formation of ulcers. [7] Ulcers due to defect in metabolism, nutrition, and storage
Vitamin is an organic compound and a vital nutrient required by the body in limited amounts. Vitamin C is a cofactor in various enzymatic reactions, and when dysfunctional, leads to the development of scurvy, characterized by healing defects including oral ulcers. This is attributed to the inadequate hydroxylation of procollagen which requires vitamin C, defective formation of collagen, which is vulnerable to enzyme degradation or their poor secretion from fibroblasts. The diminished antioxidant effect of vitamin C further plays an important role in ulcer aggravation. [12] Glycogen storage diseases are a rare group of genetic disorders involving the metabolic pathways of glycogen caused by a defect in the microsomal translocate for glucose 6-phosphate, [13] inability of the lysosomes of macrophages to hydrolyze the phagocytozed storage material, and ultimately rupture of the lysosomal membranes. The oral ulcers that result are neutropenic in origin. [14] Various Oral Ulcers and their Differential Diagnosis
Malignant ulcers
The classic ulcerative oral squamous cell carcinoma (SCC) is described as a solitary, deep crater-like lesion with an indurated base, rolled borders, and lacking clinical signs of inflammation. [1, 2] The noduloulcerative variant of basal cell carcinoma may be confused clinically with ulcerating SCC for which clinical location of presentation and histopathology serve as a diagnostic aid. Ulcers in mucoepidermoid carcinoma (MEC) and SCC appear similar and can be differentiated based on clinical, histopathological, and immunohistochemical studies. MEC stains positive for mucin, lacks extensive keratinization and is more likely to occur in posterolateral region of the hard palate, compared to SCC. If the lesion in question is painless, the possibility that it is a traumatic ulcer, a chancre, an ulcer secondary to systemic disease, or major aphthae is eliminated.
[2]
Ulcers due to infection and inflammation
Inflammatory mucosal ulcers are typically surrounded by an erythematous halo, indicating a normal and healthy inflammatory response. Many inflammatory ulcers though have a similar clinical appearance and sometimes a subtle nonspecific microscopic picture [2] can be diagnosed based on history and specific investigatory cues.
Various inflammatory ulcers begin as vesiculobullous lesions such as herpetic lesions, hand-foot-and-mouth disease, herpangina but are rarely seen as intact blisters, giving way to a confused diagnosis. Ulcers of the intraoral herpes simplex infection may show clinical features similar to aphthous ulcers, the simulation enforced by prodromal symptoms. Their occurrence on keratinized and nonkeratinized mucosa, smear showing virus-damaged cells, and a rising titer of antibodies to herpes simplex virus aids distinction of the two lesions.
[4] Herpes zoster shows a unilateral distribution of ulcers along single sensory nerve route, usually of the trigeminal nerve branch and does not cross the midline. [15] The vesiculoulcerative lesions of hand-foot-and-mouth disease occur simultaneously in the oral cavity and on the extremities and unlike primary herpes infections, the gingivae are rarely affected. Localization of lesions of herpangina to the soft palate, uvula, anterior pillars of the fauces and palatine tonsils distinguishes it from herpes, which seldom involves the soft palate. [1] The presence of atypical lymphocytes in peripheral-blood smear and a positive antibody test to Epstein-Barr virus antigen aid the diagnosis of infectious mononucleosis as the causal factor for oral ulcers. Oral lesions of human immunodeficiency virus infection comprise ulcers clinically similar to aphthous ulcers but unlike the latter, they are more persistent and resistant to treatment with steroids. These ulcers are painful and cause profound dysphagia and dysarthria. [16] The diagnosis of acute necrotizing ulcerative gingivitis (ANUG) can be made at the clinical level by virtue the manifestation of exquisitely painful punched-out ulcers almost always localized to the gingivae, particularly the interdental areas. [17] The differential diagnoses include herpetic gingivostomatitis, agranulocytosis, leukemia, scurvy, and noma. Malignancy can be ruled out based on the lack of induration and presence of painful lesions, which are not features of malignancy.
Some infections such as syphilis, tuberculosis, and histoplasmosis may produce granulomatous ulcers in the oral cavity simulating aphthous ulcers, traumatic ulcers, and malignant ulcers. Such ulcers can be diagnosed based on the history and clinical features and should be confirmed by laboratory identification of the causative microorganism in the tissue and serum. [18] The multiple red lesions of atrophic candidiasis are nonspecific in clinical appearance simulating ulcers produced by chemical bums, drug reactions, red lesions of erosive lichen planus, mild cases of erythema multiforme, and discoid lupus erythematosus. Histopathological identification of hyphae in the superficial epithelium followed by culture confirms the fungal lesion.
Ulcers due to allergy and immunological dysfunction
The common recurrent aphthous ulcers (RAUs) occur over movable nonkeratinized oral mucosa as persistently recurrent and painful ulcers with a surrounding halo.
[1] These RAUs are identical in presentation and location to those seen in Behçet's syndrome (oculo-oral-genital syndrome). However, the latter presents with more ulcers with frequent crops, more painful and of longer duration compared to RAUs and microscopically, a prominent vascular component with perivascular inflammatory. A positive pathergy test may be confirmatory. Reiter's disease can be differentiated from Behcet's disease by the additional presence of arthritis and from aphthous ulcers by the painless nature of its ulcers. [19] Immunologically-mediated vesiculobullous diseases lead to oral ulceration following rupture of the blisters with associated symptoms of discomfort, burning, and pain on eating hot spicy food. [20] Lupus erythematosus, erosive lichen planus, benign mucous membrane pemphigoid, and pemphigus vulgaris can be differentiated on the basis of immunofluorescence studies of sera and biopsy specimens. Direct immunofluorescence on lesional tissue reveals linear deposits of antibodies along the basement membrane in benign mucous membrane pemphigoid, presence of fibrinogen in the basement in erosive lichen planus and intercellular epithelial antibodies in pemphigus vulgaris. Specific tests like detection of antinuclear antibodies confirms the diagnosis of lupus erythematosus. [21] Wegener's granulomatosis, a rare chronic granulomatous disease with a probably immunological pathogenesis can be differentiated from leukemia and SCC by the detection of antineutrophil cytoplasm antibodies in the cytoplasm of neutrophils and monocytes. [22] Ulcers caused by hormonal changes Hormonal imbalances are seen in various disorders associated with the endocrine system of the human body. They may result also from the use of oral contraceptives as well as during puberty and pregnancy. Hormonal imbalances manifest as local physical changes including in the oral cavity. Oral ulcers seen in females during normal menstrual cycle and pregnancy occur due to the increase in salivary estrogen which causes an increase in the proliferation and desquamation of the oral mucosa. [23] Corticosteroids that damp down inflammatory reaction of body tissue are known to become ulcerogenic to the gastrointestinal system with prolonged use. [24] Metabolism, nutrition, and storage related ulcers Langerhans cell histiocytosis, a clonal proliferative disease of Langerhans cells of probable metabolic etiology may occur as any of the three forms, of which eosinophilic granuloma appears as localized solitary or multiple oral ulcerations while HandSchuller-Christian disease and Letterer-Siwe disease present with disseminated multiple oral ulcerations. Histopathology, radiographs, and immunohistochemical examination help rule out clinically similar ulcers of ANUG, leukemia, multiple myeloma, and SCC. The oral ulcers of glycogen storage disease which are painful discrete or multiple, deep, and recurrent may be diagnosed by biochemical examination, liver biopsy, and histopathology. [25] 
Traumatic ulcers
The traumatic ulcer is by far the most common oral mucosal ulcer [1] the source of which ranges from mechanical, chemical, electrical or thermal and may be accidental, self-inflicted or iatrogenic and accordingly vary in size.
A cause-and-effect relationship helps in making a definitive diagnosis and in identifying the traumatizing agent. Healing usually occurs within 2 weeks of removal of the traumatic influence. Persistent ulcers not responding to local treatment might be a sign of malignant transformation of the ulcer. [1] Traumatic ulcers on the dorsum of tongue may have close resemblance to ulcerations caused by specific infection, lymphoma, and proliferative reactive processes like traumatic ulcerative granuloma with stromal eosinophilia all of which are microscopically more specific. Another traumatic lesion called Riga-Fede disease occurs in the sublingual area of infants and presence of natal or neonatal teeth as a source of trauma serves as a clue to diagnosis.
[26]
Iatrogenic ulcers
Oral ulcers can occur due to procedural errors in dentistry from improper use of chemicals or therapy. [27] Detection requires a thorough clinical and radiographic examination of teeth and supporting structures. An ulcer caused during pus drainage from dentoalveolar abscess can be traced with the aid of a gutta-percha point which passes as far as the apex of the infected tooth.
Idiopathic ulcers
Ulcers of unknown etiology are considered idiopathic and provide no clinical or microscopic sign specific to the causative factor. Investigations such as serum tests and radiography may be done to arrive at a diagnosis.
Ulcers associated with systemic disorders
Ulcers form a common oral manifestation of systemic disorders especially those of the hematopoietic system. These may be confused with the shallow persistent ulcers such as traumatic ulcer, early SCC, chancre, early MEC, ANUG, cyclic neutropenia, and leukemia. [22] Peripheral blood counts and bone marrow aspirate examination are important for diagnosis of hematological malignancies.
The gastroesophageal reflux disease may lead to oral ulceration by the disruption of oral mucosal barrier by the backflow of acidic contents. Endoscopy and laboratory investigations like acid perfusion test or 24-h esophageal pH monitoring are useful diagnostic aids. [28] Necrotizing sialometaplasia Necrotizing sialometaplasia is a benign, chronic, self-limiting inflammatory process hypothesized to be caused by ischemic necrosis of minor salivary glands following vascular infarction. [29] Features like preservation of overall lobular architecture of the involved gland, absence of cytologic atypia of ductal epithelium, and self-limiting nature of this ulcer serves to distinguish it from malignancies such as SCC and MEC which it mimics both clinically and microscopically. [30] 
Conclusion
To summarize, ulceration is a common phenomenon in the oral cavity, with a variety of lesions being a manifestation of systemic disorders or a sign of preneoplastic change. Skillful case history taking and correct investigations aid in arriving at the etiopathology and early diagnosis of ulcers on which the effective treatment planning is based.
